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This invention relates to copo]ymers from (A) 
esters of acrylic acid and a saturated aliphatic 
monohydric alcohol of sixteen to.eighteen carbon 
atoms and (B)esters .of a saturated aliphatic 
monocarboxylic acid of six to fourteen carbon 
atoms and an alcohol selected from allyl, methal- 
lyl, and P.-chloroallyl alcohols. If relates also 
to compositions of marrer which are based on 
such copolymers dissolved in hydrocarbon liquids 
which have waxy pour points. These solutions 
are characterized by pour points which are lower 
than the pour points of the hydrocarbon fluids 
devoid of the copolymers. 
If bas long been known that oils may be 
thickened by the addition thereto of resinous 
material. In some instances, the compositions 
obtained by dissolving polymeric products 
hydrocarbon fluids are improved in one or more 
properties. In some instances, the compositions 
containing a dissolved polymer have smaller 
changes in viscosity with changing temperature 
than the hydrocarbon .fiuid by itself. These 
compositions are described as having an 
proved viscosity index. In some cases, thesolu- 
 tion of Dolymeric materials in an off tends to 
raise the pour point of the off. In other cases, 
the pour point remains unchanged. There are 
still other instances where the pour point is 
lowered. This last effect is scarcely predictable. 
By way of specific illustration, .polymers of 
cetyl acrylate, stearyl acrylate, octyl acrylate, or 
nony] acrylate, allyl monoate, allyl octoate, 
raethallyl laurate, allyl palmitate, methallyl 
nono.ate, P.-chloroallyl isonon,te, or the like do 
not lower the pour point of lubricating oils 
,.when they are dissolved therein. Mecharical 
mixtures of such polymers are likewise of no 
economic value in so far as their action in de- 
pressing pour points is concerned. 
Hence, the discovery that the herein defined 
.copolymers are effective pour point depressants 
in wax-containing hydrocarbon liquids was not 
to be predicted. It is now round that off-soluble 
copolymers from (A) acrylic esters having 
cohol residues having a saturated aliphatic 
drocarbon chain of sixteen to eighteen carbon 
atoms and (B) allylic esters with an acld residue 
having an acyclic saturated hydrocarbon chain 
of six.to fourteen carbon atoms are effective pour 
point depressants when the ratio of groups of 
acrylic ester (A) fo groups of allylic ester 
is within a proportion of one mole of ester A 
per mole of ester B to one mole of ester A to 
a number of moles of ester B approximately 
equal fo the number of carbon atoms in the 
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longest straight chain of the carboxylic portion 
of the allyl ester. 
The acrylic esters which are taken for pzepar- 
ing the copolymers of this invention have the 
5 formula 
CH2=CHCOOR 
where  is an alkYl group having a chain of 
sixteen to eihteen carbon atoms, i may be 
10 a group, such as cetyl, heptadeoyl, stearyl, or 
the equivalent. The cetyl and stearyl sters are 
those of first choice. 
Methods for preparing acrylic esters are well 
known. Acrylic acid or acry]yl chloride, .for 
1 example, may be reacted with a long-chained 
alcohol. Vv'hile .pure a!cohols may be used, 
is entirely satisfactory to utilize commercial 
products which are mixtures of such alcohols 
and which raay even include lower alcohols. 
20 Theallyl esters .are likewise obtained accord- 
ing fo Mown procedures. Allyl alcohol an.d a 
carboxylic acid are reacted in the presence-0 
an esterification catalyst with removal of water. 
Where available, acid anhydrides may be used 
25 in place of acids. Another method is based on 
use of acid halides. Interchange reactions are 
also useful in-providing-desired esters. They 
are of particular .interest in forming methallyl 
esters. 
The allyl and methallyl groups appear entirely 
30 interchangeable and the 2-chloroallyl group 
gives equivalent results. Larger «substituents 
seem fo change the behavior of the allyl group- 
ing significantly, ai least for the present pur- 
poses. Substituents in other positions similarly 
35 fait to lead fo copolymers of the required type. 
The acïd groups which give al!yl esters useful 
in providing copolymers of the required prop- 
erties are from saturated aliphatic monocar- 
boxylic acids of six to fourteen carbon atoms. 
40 They include n-hexoic, n-heptoic, n-octoic, 2- 
ethylhexoic, -3,5,5-trimethylhexoic, n-nonoic, 
isononoic, capric, undecanoic, lauric, and myris- 
tic. A chain length of ai least sixcarbon atoms 
is needed even when the chain is branched. 
45 -t is round that a branched chain, sUCh as 2- 
ethylhexoic, gives about the saine-effect as 
n-hexoic. 
The copolymers are prepared by mixing an 
acryiie ester of a long-chained alcohol.nd an 
5o allyl ester of a defined monocarboxylic acïd 
within the prescribed ratios and copolymerizing 
these monomers under the influence of a perox- 
dic catalyst. Copolymerization is eiecçiv.ely 
carried.out in the.range of.75 ° C. fo 10 °- C. The 
55 copolymerization is .conducted in the .presence 
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of an inert organic solvent and in an inert 
atmosphere. An inert gas, such as nitrogen, 
may be used to sweep out air from the reaction 
vessel and fo maintain the vessel reasonably 
free of oxygen. A volatile organic solvent may 
similarly be used. Suitable solvents include 
benzene, toluene, xylene, and solvent naphthas. 
Suflcient solvent fs used to hold the copolymer 
in solution and to help prevent gelation. 
As catalysts here may be used one or more oï 
such organic peroxides as acetyl peroxide, caproyl 
peroxide, lauroyl peroxide, benzoyl peroxide, 
benzoyl diperoxide, dt-tert.-butyl diperphthalate, 
tert.-butyl perbenzoate, 2,2-bis (tert.-butylper- 
oxy)butane, methyl ethyl ketone peroxide, di- 
tert.-butyl peroxide, and tert.-butyl hydroperox- 
ide. Whfle about 2% of a peroxide in a mix- 
ture of monomers fs sufficient to star copo!y- 
merization, it is desirable, if copolymerization fs 
fo be accomplished within a reasonable rime, fo 
use larger quantifies. 2` particularly effective 
method is fo add small amounts of peroxide from 
rime to rime as copolymerization proceeds. Total 
amounts of 3% fo 15% oï peroxide based on the 
combined weights of monomers are useï.ul. 
Typical procedures for preparing copolymers oï 
this invention are shown in the following illus- 
trative examples. 
E:oample I 
2, mixture was ruade of 50 parts by weight oï 
stearyl acrylate, 50 parts oï allyl hexoate, 7,5 
parts of toluene, and 5 parts o£ benzoyl perox- 
ide. This mixture was added over a period of 
t.75 hours fo a reaction vessel heated to 120 ° C. 
The reaction vessel was flushed with a small 
stream of nitrogen, ihe reactiin mixture was 
mechanically stirred. The temperature was held 
af 120 ° C. for 4.25 hours and thon lowered o 
105 ° C. for the remainder of the heating period. 
AdOrions were ruade of benzoyl peroxide and 
toluene from time fo rime. Thus, after 2.75 
hours, addition was made of 2 parts of the per- 
oxide in 10 parts of toluene; after 4.25 hours, 
5 parts of zenzoyl peroxide alone; after 5.25 
hours, 2 parts of benzoyl peroxide; after 6.25 
hours, 1 part of peroxide in 10 parts of toluene; 
and aftor 7.25 hours, 5 parts of toluene. Heat- 
ing was discontinued after 7.33 hours. The prod- 
uct was a 51.8% solution of copolymer. A 30% 
solution of this copolymer In toluene had a vis- 
cosity of 4.8 cs. at 100 ° F. 
Example 2 
A mixture was prepared from 33.5 parts of 
stearyl acrylate, 66.5 parts of allyl 2-ethylhexo- 
ate, 25 parts oî toluene, and 5 parts of benzoyl 
peroxide. This mixture was slowly added with 
stirring to a reaction vessel which was heatod to 
115°-121 ° C. and was swept out with nitrogen. 
At the end of 1.5 hours all of the mixture had 
been added to the vessel. 2`dditions of benzoyl 
peroxide and solvent were ruade as follows: 
After 2.5 hours, 2 parts of peroxide in 15 parts 
of toluene; 
After 4.75 hours, 2 parts of peroxide; 
2`fter 6 hours, 2 parts oî peroxide; 
After 7 hours, 0.8 part of peroxide; 
At 8 hours, 100 parts of toluene. At the flfth 
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mer, correspondlng to a yield of 78.6%. A 30% 
solution in toluene had a viscosity of 3 centi- 
stokes ai i00 ° C. 
The copolymer was transferred fo a light lubri- 
5 cating off by mixing oil and toluene solution 
and thon heating under reduced pressure. The 
final stripping was done ai 140 ° C. ai 1 mm. An 
off solution containing 35.8% of copolymer was 
thus prepared. This concentrate fs suitable for 
I0 the faci!e addition of copolymer fo lubricating 
oil. 
Examp.le 3 
2` mixture was prepared from 50 parts by 
15 weight of cetyl acrylate, 50 parts of methallyl 
laurate, 25 parts of toluene, and 5 parks oï ben- 
zoyl peroxide. The mix.ture was added to a 
action vessel which was heatod af 103°-110 ° C. 
The mixture was stirred and blanketed with nitro- 
20 gon gas. 2`ddition of catalyst and solvent was 
ruade from rime to time, the schedule oî addi- 
tion being as follows: 
After 2.67 hours, 2 parts of peroxide and 20 
parts of ,toluene; 
After 3.67 hours, 5 parts of peroxide and 25 
25 
parts of toluene; 
After 4.67 hours, 2 parts of peroxide and 20 
parts of toluene; 
After 5.6 hours, 0.8 part of peroxide and 20 
30 parts of solvenk 
tteating was discontinued after eight hours of 
heating. Considerable solvent was carried away 
in the stream of nitrogen. The product obtained 
was a 67.5% solution of copolymer in a yieId of 
35 91.8%. A 30% solution of this copolymer in 
toIuene had a viscosity of 28.3 cs. af 100 ° F. 
Exa?rpe 4 
By the procedure of the previous example a 
mixture of 50 parts by weight of tetracosyl ac- 
0 rylate, 50 parts of allyl Isonone, 25 parts of 
toluene, and 5 parts of lauroyl peroxide was 
heated at 110 ° C. and 105 ° C. for eight hours 
with additions from time to time of peroxide and 
toluene. This copolymer when dissolved in a 15 
o.5 Pennsylvania neutral raised the pour point 5 ° F. 
Example 5 
A mixture of 24 pars of cetyl acrylate, 76 
parts of allyl myristate, 25 parts oî toluene, and 5 
5O parts of beoEoyl peroxide was copolymerized by 
the procedure fllustrated above af 115 ° and ]05 ° 
C. with regular additions of peroxide and toluene. 
A total oî 12 parks of peroxide was used and 
enough toluene fo keep the copolymer solution 
 55 fluid. The product was ï3% solution of copoly- 
mer in a yield of 95.2%. The viscosity of a 30% 
toluene solution was 12 cs. at 100 ° F. 
A copolymerizatiin carried out in the sarae 
way with a mixture of 52.5 parts of cetyl acrytate, 
6O 47.5 parts of allyl myristate, 25 parts of toluene, 
and 5 parts of benzoyl peïoxide with subsequent 
addition of peroxide and toluene yielded a co- 
polymer which in a 30% toluene solution gave 
aviscosityof87cs, at 100 ° F. Af 0.5% iua 150 
65 Pennsylvania neutral if gave a pour point of 5 ° F, 
Example 6 
2` mixture oï 35 parts oï cetyl acrylate, 65 
parts of 2-chloroallyl ]aurate, 25 parts of toluene, 

hour, ,the temperature was allowed fo fall to 102 ° 70 and 5 parts of benzoyl peroxide was heated at 
C. and at the sixth hour fo 95 ° C. 2`t the ser- 120 ° and 100 ° C. in accordance with procedures 
enth hour, the temperature was raised fo detailed above. 2`dclitional peroxide amounting 
102°-103 ° C. and held af this level until af the end fo 10 païts was added together with sufficient 
of eight hours heating was discontinued, toluene fo maintain the copolymer in solution. 
The product was a 32,3% solution of copoly- ï5 The product was a 38% solution of copolymer. 



A  30%. solution Qf the copolmer:, in toluene myristate: in _» .m01e:.rato of .1.:.l.ave a- po 
had  vlscosiy-of 12,6 cs..-at  I0  F; .point of :t0 F. ai 05 '. in .Off 
A .copoler of-.cetyl rylate-and mehaflyl 
E« 7. lauratei a -1:1.2 rao gae.pour,pointss 
A mixture of 35 parts, of cetyl .acrytate, 65 5 - In Off I ai-0.5% 1-20 F., ,at 
at.0.1: 10  F. and ai O.O4% 5  F.; 
 parts of methallyl laate, 25 .par£s:o toluene, In Oil:Ilat0.1 5:F.; .and- 

and 5 parts, of benzoy! per0xide was copoly, 
merized-by the procedure used in EXample 6. 
The product was a 40 % solution oof .copolymer. 
Copolymerization was performed with 44.2 
parts of cetyl acrylate .and 55»8 parts of 2-chloro- 
allyl.laurate (.a 1:1.4 ratio of monomrs) in.a 
toluene solution as aboye. The product was. a 
35% copolymer solution in toluene,-which, when 
diluted fo 30%, gave a vicosity of 10.6 es. at 
100 ° F. 
The coP_oiymersof.: t-his invention can be pre- 
pared in a wide range of molecular sizes. Varia- 
tions from about 1,00 up fo 50,000 are readily 
obtainable. Thedarger copolymers act hot only 
as pour point depressants but also as impr0vers 
of viscosity index. For example, a cetyl acrylate- 
allyl myristate copolymer -in a 1:2 ratio was 
copolymerized fo impart a viscosity of g7.5 cs. 
ai 100 ° F. fo a 30% solution in toluene. Ai 0.5% 
in a.150Pennsylvania neutral-normally of 106.9 
V. I., the viscosity index became 112.3 and at 2% 
the viscosity index became 126.9. 
The effect of the copolymers of this invention 
on pour points was studied by using several con- 
centrations in. typical oils and 0bserving the re- 
sulting-pour points. In.general-the A. S. T M. 
pour test (D97--47) was used and this was sup z 
plemented in some cases with maximum pour 
tests and shoek chilling. The maximum pour 
test is described in Proc. A. S. T. M. 45, Appendix 
I, p. 245 (1945). The shock chilling determina- 
tion is made by observing the samples during the 
initial cooling stop w]th the cooling jacket at 
--60 ° F. 
Off I was a 150 Pennsylvania neutral having a 
pour point of ÷25 ° F. and a viscosity index of 
106.7. This was known fo be an off which could 
be improved in pour point. Off II was an S. A. E. 
90 gear oil compounded from 30 parts of a 180 
Pennsylvania neutral and 70 parts of a 150 
Pennsylvania bright stock. This off had a pour 
point of ÷25 ° F. Off III was a 500 Mid-Con- 
tinent solvent-extracted off (S. A. E. 30) with a 
pour point of ÷25 ° F. This was known fo be 
an off which was hot readily chunged in pour 
point. 
A copolymer prepared by methods described 
above from one mole of cetyl acrylate and one 
mole of allyl 3,5,5-trimethylhexoate gave a pour 
point of --10 ° F. when dissolved in Oil I af 0.5%. 
Af 0.1% in this off if gave a pour point of --15 ° F. 
In Off III ai 0.5 % the pour point was 0 ° F. 
A copolymer prepared from cetyl amTlate and 
allyl 3,5,5-trimethylhexoate in a molar ratio of 
1:2, the copolymer giving a viscosity of 9.3 cs. 
af 100 ° F. in a 30% solution in toluene, was dis- 
solved in Off I. Ai 0.5% if depressed the pour 
point fo --10 ° F., af 0.25% fo --i0 ° F. and ai 0.1% 
fo --5 ° F. In Off II af 0.1% if depressed the pour 
point fo 5 ° F. In Off III ai 0.5 % the pour point 
by shock chilling was 0 ° F. 
A copolymer prepared from cetyl acrylate and 
allyl myristate in a mole ratio of 1:3.5 gave the 
following pour points: 
In Oil I ai 0.5% and 0.25%, --10 ° F., ai 0.1%, 
--5 ° F.; and 
In Off III ai 0.5 %, 5 ° F. unde shock chilling. 
Another copolymer from cetyl acrylate and allyl 

In Oil IIlat 0.5% 10 ° F« by shock chilli.ng. 
A copolymer of cetyl acrylate:and 2chlor_o- 
10 atlyl iaurate ir a 1:t.4 .ratio gaye pour po_ints:.of 
--20 ° F. ai 0:5% and at.0.25%  t57 F. ai 
and 10 ° F. at0.04%.in OilI. At (1% inOil Ii 
if gave a pour point_of t0 ° F. 
A copolymer of cetyl acrylate .and; 2-ch!oro 
15 allyl:laurate in a 1:4 ratio gaYe a po.u.r pint oI 
--10 ° F. in Off lat 0.5%..and 0.25%, 
Copolymers of cetyl acrylaçte .,«vith allyl :iso- 
butyrate and butyrate -respectively ca-t. !:Ï, Ï;-l:.5, 
nd 1: 2 m01e ra-tios failed fo gie depressiçns ,of 
2O pour points ofthe test oils which were of :eC0- 
nomic significance. 
A copolymer of octadecyl acryla.te and a-!ly! 
hexoate in a 1:2 mole ratio gve a pour point:of 
0 ° F. in Off I ai 0.5% and 0.25%. 
5 A series of copolymers .was prepaed from o, cta- 
decyl acrylate and allyl 2-ethylhexoate. Ai. a 
mole ratio of 1:1 pour points of 10 ° F..were Iound 
af 0.5% in Oil III, and 0.1% in Off Il,-and ai 
0.5 % in Off I. With a copolymer from these two 
30 esters in a mole ratio of 1:2.2 the pour point of 
Off I was reduced fo 0 ° F. at concentrations of 
copolymer rom 0.1% fo 0.5%. A copolymerfrom 
these same esters, but used in a  ratio of 1:3.5 gave 
pour points ai 0.5% and 0.25% in Off I of 
5 In Off III at 0.5% the pour point was 0 ° F. under 
shock chilling. A copolymer based on the saine 
esters in a mole ratio of 1:5.3 gave pour .point 
ai 0.5% in Off I of --5 ° F. and at 0.25% in Off I 
of 0 ° F., and in Off III ai 0.5% 10 ° F. by shock 
4O chflling. A copolymer rom monomers in a 1:8 
mole ratio gave a pour point of 20 ° F. af 0.5% in 
Off I and o 30 ° F. ai 0.25%. 
A copolymer was prepared from one mole of 
octadecyl acrylate and 1.5 moles of allyl isonono- 
45 are. A 30% solution of this in toluene had a 
viscosity of 5.3 es.-at 100 ° F. In Oil I af 0.5% 
and 0.25% if gave pour points of 0 ° F. There were 
prepared and compared under the same condi- 
tions separate polymers of octadecyl acrylate and 
50 of allyl isononoate. Neither polymer by itself 
pressed the pour point of Off I. In fact the pour 
points determined ai 0.5% of each was ÷30 ° F. 
The separate polymers were thon mixed in a 
ratio of 1:1.5 and dissolved af a total of 0.5% in 
55 Off I. The pour point of this solution was de- 
termined as 25 ° F. 
A series of copolymers of octadecyl acrylate and 
allyl laurate was made. With mole ratios of 1:1, 
the pour points of the various test ofls were 0 ° F. 
6O af 0.5% concentration. Af a mole ratio of 1:1.5 
an increased effect was observed, the pour point 
of 0 ° i% being reached with 0.25% of the copoly- 
mer. With mole ratios from 1:2 fo 1:12, the 
effect of the copolymers was conclusive as fo de- 
6 pression of pour point. A copolymer from the 
esters in a 1:3.5 ratio, for example, gave pour 
points ai 0.5% in Off I of --20 ° F. and in Off III 
of 0 ° F. by maximum pour method and --20 ° F. 
by shock chilling. A copolymer ai 1:12 ratio of 
ï0 monomers gave pour points af 0.5% in Oil I of 
--25 ° F. and of --20 ° F. in Off III. If was noted 
that the limits for the ratios of the copolymeriz- 
ing monomers is not so sharp for this particular 
combination as Ior other combinations. 
75 The copolymers ol this invention are novel. 
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They are soluble in hydrocarbon fluids and in- 
crease the viscosity thereof and improve the vis- 
cosity index as the molecular sizes of these co- 
polymers are increased. The new copolymers are 
distinguished from polymers of individual com- 
ponents, from mixtures of such polymers, and 
from many other copolymers, including those 
.based on the same components but outside the 
proportions here shown necessary in depressing 
the pour point of wax-containing hydrocarbon 
.liquids. These copolymers bave good thermal 
stability and are compatible with other off addi- 
rives, such as anti-oxidants, oiliness agents, de- 
tergents, extreme pressure agents, etc. 
The hydrocarbons in which the above copoly- 
mers are most effective are petroleum liquids 
frim paraffinic or naphthenic stocks. The co- 
polymers are effective in wax-containing lubri- 
cating oils and in other hydrocarbon liquids, such 
as fuel oils and diesel fuels. They improve these 
liquids in respects already noted without inter- 
fering with the normal functioning or use thereof. 
Ai concentrations of 0.01% to 5%, preferably 
0.05% to 2%, the copolymers of this invention 
give desirable modificatons of properties of wax- 
containing hydrocarbon liquids. 
We claim: 
1. An oil-solubIe copolymer of (A) an ester of 
acrylic acid and a saturated aliphatic monohydrie 
alcohol having a straight chained alkyI group of 
sixteen to eighteen carbon aoms and (B) an 
ester of an alkanoic acid having a carbon chain 
of six to fourteen carbon atoms and an alcohol 
selected from the class consisting of allyl, meth- 
alIyl, and 2-chloroailyl alcohols, the mole ratio of 
groups from the first ester Po gïoups from the 
latter ester being from one to one to one to a 

o 5 Number 
2,125,885 
2,129,664 
2,234,829 
2,407,954 
30 2,419,221 
2,440,318 
2,441,023 
2,524,563 

number equal to the number of carbon atoms in 
the longest straight chain of the latter ester. 
2. An off-soluble copolymer from cetyl acrylate 
and methallyl laurate, the mole ratio of groups 
5 from said acrylate fo groups from said laurate 
being from 1:1 to 1:12. 
3. An off-soluble copolymer from octadecyl 
acrylate and allyl laurate, the mole ratio of groups 
from the acrylate to the groups from said laurate 
10 being from 1:1 to 1:12. 
4. An off-soluble copolymer from octadecyl 
acrylate and allyl 3,5,5-trimethylhexoate, the 
mole ratio oS groups from the acrylate to the 
groups from the 3,5,5-trimethylhexoate bang 
I5 from 1:1 fo 1:6. 
HARRY T. NEHER. 
WT£J_J_AM L. VAN HORNE. 
LA VEPATE N. BAUEI. 
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